The study of patterns of growth and cellular death in specific regions of tumours and spheroids (an in vitro model of tumours (Sutherland, 1988) ) is an essential part of evaluating new treatments of cancer. Cells in different regions of the spheroid respond differently to anti-tumour treatments; thus time-dependent changes of cell viability in these areas are an important indication of the mechanism of action and effectiveness of the investigated modality. So far the techniques used to determine cellular viability in various regions of tumours or spheroids have required disruption of the tissue and therefore precluded repeated examinations of the same sample. Changes in cell viability resulting from different physiological conditions or cytotoxic treatment could not be followed directly in the whole volume of the same spheroid. Electron spin resonance imaging (ESRI) is a non-invasive and rapid technique capable of performing such measurements. Our goal is to provide a versatile tool for evaluating a variety of cancer treatment regimes using spheroids as a tumour model. ESR spectroscopy has been used in a wide variety of biological studies. The capabilities and biological applications of ESRI are also beginning to be recognised (Berliner & Fuji, 1985; Eaton et al., 1989) . The typical ESR image depicts the spatial distribution of the concentration of the paramagnetic species that is present in the sample. Our particular ESRI technique utilised projection reconstruction of plane integral data to obtain two-dimensional (2D) images (Kak & Slaney, 1988) . The instrumentation used for collecting image data consists of a conventional 9 GHz ESR spectrometer equipped with a rectangular TE102 resonant cavity with gradient coils (anti-Helmholtz coils in combination with paired rectangular coils) which provide linear magnetic field gradient orientations in two dimensions. The entire system is controlled by an AT&T model 6300 computer and a custom designed software package (Demsar et al., 1988; Woods et al., 1989a) . Data sets consisting of 32-64 projections can be collected in 6-12 min, and the experiments can be carried out under conditions of controlled temperature and perfusion of gases. In biological ESR studies a synthetic paramagnetic nitroxide is usually introduced as a source of the ESR signal (Berliner & Fuji, 1985) . We use '5N substituted perdeuterated Tempone ('5N-PDT), the isotopic substitutions of which provide three favourable characteristics of the spectral lines used for imaging: the lines are narrower, more intense and more widely separated than those of unsubstituted Tempone. This nitroxide readily crosses cell membranes and therefore distributes throughout the spheroid and surrounding medium in the sample (Mehlhorn et al., 1982) .
The principle of this particular ESR method of measuring relative numbers of viable cells is based on two phenomena: (1) paramagnetic metal ion complexes such as chromium oxalate or ferricyanide can virtually eliminate, via spin-spin broadening, the ESR spectra of nitroxides that are in solution with them (Eaton & Eaton, 1978) ; (2) the membranes of viable cells are impermeable to these metal ion complexes while the membranes of damaged cells are not (Berg & Nesbitt, 1979) . Figure 1 summarised data to confirm, in cell suspensions, the effectiveness of the ESR method used to measure cell viability. There is a good correlation between the magnitude of the ESR signal and the number of undamaged cells suspended in culture medium supplemented with the nitroxide and broadening agent.
The results of imaging viability in an intact spheroid are shown in Figure 2 . The data are presented as 2D grey scale plots and 3D surface plots. When the broadening agent is absent the ESR image shows, as expected, the nitroxide distributed throughout the entire sample volume (Figure 2b,  c) . With the broadening agent present, the image reflects only the areas that are not accessible to it, i.e. the outer rim of viable cells (Figure 2d, e) . A 2D image reconstructed from plane integral data represents the orthogonal projection onto the 'image plane' of information from the entire sample volume. Although such a projection provides a correct description of viability, a description of viability at a defined point or in a specific plane would be a more useful result. This can be achieved by assuming spherical symmetry of the spheroid. In this case a ID projection can be used as the basis for a 3D reconstruction. Figure 2g is the resulting plot of the spin density along a line through the centre of the spheroid. The width of the viable rim depicted by this diagram agrees well with the width of the rim revealed by the histological section through the centre of this spheroid (Figure 2f) . Refinement of our existing system to obtain true 3D data (Woods et al., 1989a) should make 3D microscopy possible. The described approach was applied to study the viable rim of spheroids of different sizes. Figure 3 shows (Sherar et al., 1987) . In detailed control experiments it was shown that the nitroxide and the broadening agent used in these studies were not toxic under our experimental condi- tions (unpublished) . Moreover, as we have demonstrated before, ESRI is capable of measuring oxygen concentrations and metabolic activity in small biological objects (Demsar et al., 1988; Dobrucki et al., 1988; Woods et al., 1989b) . The combination of this type of measurement with measurements of viability inside spheroids should provide the kind of detailed, microscopic level data needed to exploit fully the potential of spheroids to provide information on tumor responses to cytotoxic treatment.
